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(54) THIN FILM CAPACITOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film 
capacitor wherein a dielectric constant does not 
substantially deteriorate even when a capacitor 
insulating film formed of a thin film made of a high 
dielectric constant material is used, and therefore, a 
sufficiently large capacitance is obtained even with a 
small area. 

SOLUTION: A thin film capacitor is provided with a high 
dielectric constant film 4 formed of a material having a 
high dielectric constant and a pair of electrode films 2 
and 5 which sandwich the high dielectric constant film. 
An antiferroelectric thin film 3 made of a material 
exhibiting antiferroelectric characteristic is provided 
between the high dielectric constant film 4 and the 
electrodes 3 and 5. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A high dielectric constant film which consists of material in which high permittivity 
is shown. 

An electrode layer of a couple which pinches this high dielectric constant film. 
It is the thin film capacitor provided with the above, and an anti-ferroelectric substance thin 
film which consists of material in which antiferroelectricity is shown was provided between 
said high dielectric constant film and said electrode layer. 

[Claim 2]The thin film capacitor according to claim 1 which comprises Pb(Zr, Ti) 0 3 or (Pb, 
La) (Zr, Ti) 0 3 thin film in which said anti-ferroelectric substance thin film uses a PbZrOg 
thin film or PbZr0 3 as the main ingredients. 

[Claim 3]A high dielectric constant film which consists of material in which high permittivity 
is shown. 

An electrode layer of a couple which pinches this high dielectric constant film. 

It is the thin film capacitor provided with the above, and a thin film formed between said 

high dielectric constant film and said electrode layer with a bismuth layer-like compound 

expressed with general formula (B» 2 0 2 ) 2+ ( A m . 1 B m 0 3m+1 ) 2 was provided. 

(Among a formula, A is ion of a valence chosen from +1, +2, and +3 value, and) B is ion of 

a valence chosen from +4, +5, and +6 value, and a valence of A and B and m are chosen 

so that m may express a positive integer of 1-5 and a valence of 0 3 +1 may 

m-1 m 

become -2 value. 

[Claim 4]An integrated circuit using the thin film capacitor according to any one of claims 1 
to 3. 



[Translation done.] 



http://www4.ipdl. inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4.ipdl.inpit.... 5/21/2008 



JP,10-144867,A [DETAILED DESCRIPTION] 



Page 1 of 5 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJThis invention relates to the thin film capacitor used with an 
integrated circuit, and relates to a structure of the thin film capacitor which can enlarge 
capacity per unit area especially applicable to large scale integration circuit (LSI). 
[0002] 

[Description of the Prior Art]By high integration of LSI in recent years, reduction of the area 
of one memory cell is being enhanced especially by DRAM (dynamic random access 
memory) which constitutes a memory cell from one MOS transistor and a capacitor. On the 
other hand, since a value with required always constant capacity value is required also in 
this reduced area, being independent, or combining the following methods and securing 
required capacity value is performed. 

[0003]Namely, the method of making thin thickness of the insulator layer of a thin film 
capacitor, the method of solidifying the structure of a thin film capacitor and enlarging an 
electrode area, It is the method (for example, Technical Digest of IEEE Internation Electron 
Devices Meeting 1991 besides KKoyama, P.823) of constituting an insulator layer from 
dielectric materials of high permittivity, etc. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although many cascade screens of a 
diacid-ized silicone film and a silicon nitride film have been used as an insulator layer in 
conventional technology, since inter-electrode leakage current will become large if 
thickness is simply made thin, there is a limit in thin film-ization. Solidification of one-sided 
capacitor structure causes complication of a manufacturing process, and there is a danger 
of causing the rise of a manufacturing cost and reduction of a product yield as a result. 
[0005]. As compared with the dielectric constant of the diacid-ized silicone film and silicon 
nitride film which have been used from the former to these, have a very big dielectric 
constant. (Ba, Sr) The method of using the material which has the high permittivity of a 
Ti0 3 thin film etc. as a capacitor insulating film, It is necessary to make thickness very thin 
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apart from what may be realizable by simple capacitor structure in connection with the 
minuteness making corresponding to high integration in recent years in the area to which 
required capacity value was reduced. However, with the material which has high 
permittivity, if thickness becomes thinner in general than 100 nm, a substantial dielectric 
constant will decrease notably, and the capacity value per unit area shows the tendency 
which does not become large in monotone but is almost saturated with thickness reduction. 
For this reason, securing required capacity value by simple thin film-ization has the fault of 
becoming difficult. 

[0006]Even if it uses the capacitor insulating film which thin-film-ized material of high 
permittivity, a dielectric constant does not fall substantially, therefore an object of this 
invention is to provide the thin film capacitor which can acquire capacity value big enough 
even if it is a small area. 
[0007] 

[Means for Solving the Problem]ln a thin film capacitor which has a high dielectric constant 
film which consists of material in which high permittivity is shown, and an electrode layer of 
a couple which pinches this high dielectric constant film, this invention relates to a thin film 
capacitor providing an anti-ferroelectric substance thin film which consists of material in 
which antiferroelectricity is shown between said high dielectric constant film and said 
electrode layer. 

[0008]As a material which forms an anti-ferroelectric substance thin film, antiferroelectricity 
materia! of a perovskite structure is preferred and Pb(Zr, Ti) CL or (Pb, La) (Zr, Ti) O. which 

O O 

uses PbZrOg or PbZr0 3 as the main ingredients especially is preferred. Here, Pb(Zr, Ti) 0 3 
expresses a solid solution of PbZr0 3 and PbTi0 3 , and 0 3 expresses a solid solution of four 
kinds of ingredients in a similar manner (Pb, La) (Zr, Ti). 

[0009]it is required to contain PbZr0 3 in Pb(Zr, Ti) 0 3 , here to such an extent that 

antiferroelectricity is shown at least - especially - PbZrO_ - more than 95 mol % - being 

contained is preferred, moreover - in 0(Zr (Pb, La), Ti) - especially - a Zr:Ti ratio - 

70:30 or more Zr - rich - a Pb:La ratio - 80:20 or more Pb(s) - a rich presentation is 
preferred. 

[0010]ln a thin film capacitor which has a high dielectric constant film in which this invention 
consists of material in which high permittivity is shown, and an electrode layer of a couple 
which pinches this high dielectric constant film, It is related with a thin film capacitor 
providing a thin film formed between said high dielectric constant film and said electrode 
layer with a bismuth layer-like compound expressed with general formula (Bi 2 0 2 ) 2+ (A m 

1 B m°3m+-|) • 

[001 1]A is ion of a valence chosen from +1 , +2, and +3 value among a formula, B is ion of a 
valence chosen from +4, +5, and +6 value, and a valence of A and B and m are chosen so 
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that m may express a positive integer of 1-5 and a valence °f ° 3 m of A B +1 may 

m-1 m 

become -2 value. 

[00 12] If it is the ion of a valence which fills the above-mentioned relation as A and B, there 
will be no restriction in particular. For example, Ba, Sr, etc. can mention Bi etc. as A of +3 
value as A of +2 value. Ti etc. can mention W etc. as B of +6 values, such as Nb and Ta, as 
B of +5 value as B of +4 value similarly. 

[001 3] Restriction in particular does not have a method for forming thin film of 
antiferroelectricity material and a bismuth layer-like compound, and a sol gel process, a 
CVD method, a sputtering technique, etc. can be used for it. 

[0014]As a material in which high permittivity which can form a high dielectric constant film 
used by this invention is shown, As a dielectric constant, it is the material in which about 40 
(specific inductive capacity) or more are shown, for example, and material which takes a 
Perovskite type crystal structure is preferred, and BaTi0 3 , SrTi0 3 , PbTi0 3 , and these solid 

solutions are especially preferred. In these solid solutions, a required dielectric constant 
can choose composition ratio arbitrarily for it to be obtained. 

[001 5] Restriction in particular does not have a formation method of a high dielectric 
constant film, and it can be formed with a sputtering technique, a CVD method, etc. 
[0016]Since the thin film capacitor of this invention can acquire large scale with a small 
area, it can be preferably used for an integrated circuit with a high degree of location. 
[0017] 

[Embodiment of the lnvention]Since the thickness of the layer of the lower dielectric 
constant electrically formed in the interface of the upper part and a lower electrode, and a 
capacitor insulating film can be pressed down to the minimum according to the structure of 
the thin film capacitor of this invention, Even if all the thickness of a capacitor insulating film 
decreases to 50 nm or less, the substantial dielectric constant of the whole capacitor can 
be prevented from decreasing notably. 

[0018]lt is thought that these low permittivity layers formed electrically are produced in 
order for the dielectric materials which have high permittivity to show a lower dielectric 
constant in response to the influence of an electric field, as a result of forming the space 
charge layer resulting from the difference of the Fermi energy of an electrode and a 
dielectric. Therefore, making thickness of this space charge layer as thin as possible leads 
to enlarging the dielectric constant of the whole capacitor insulating film. 
[0019]ln this invention, it becomes possible by making into the minimum the space charge 
layer formed in an interface with an up-and-down electrode by inserting the 
antiferroelectricity material which has [ 1st ] the electric polarization of an anti-balance in 
the unit cell of a crystal. It becomes possible by controlling the space charge layer formed 
in an interface with an up-and-down electrode by the oxidation conductive layer of bismuth, 
and making space charge thickness into the minimum by considering it as the structure 
which inserts in an interface with an up-and-down electrode the bismuth layer-like 
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compound which has [ 2nd ] an oxidation conductive layer of bismuth in the unit cell of a 

crystal. 

[0020] 

[Example]Next, this invention is concretely explained using an example. 
[0021][Example 1] Drawing 1 shows the 1st example of this invention. The sapphire R side 
board 1 was used as a substrate, and after washing this substrate, after carrying out weld 
slag membrane formation of the palladium with the substrate temperature of about 300 ** 
as the lower electrode 2 at a thickness of 300 nm, about 10 nm of PbZrCL thin films 3 were 

formed by the publicly known sol gel process. Besides, about 30 nm of TiO(Ba. ^Sr. ) 

U.O U.O O 

films 4 were formed with the substrate temperature of about 650 ** by the sputtering 
technique. 

[0022]After forming the PbZr0 3 thin film 3 in about 10-nm thickness by a sol gel process 

furthermore, Ti and Au were deposited on this order as the upper electrode 5 at a thickness 
of 50 nm and 300 nm, respectively, and the upper electrode was formed by publicly known 
optical lithography and wet etching. 

[0023]Although all the capacitor insulation peritoneum thickness made thin thickness of the 
TiO(Ba Q 5 Sr Q 5 ) 3 thin film and formed it to 30 nm - 5 nm to 50 nm - 25 nm in the thin film 

capacitor of this structure, the dielectric constant showed 250 or more values, and 
thickness dependency was not remarkable. Even if it decreased the thickness of the 
PbZr0 3 thin film from 10 nm to about 5 nm, it was changeless to a dielectric constant. 

[0024][Example 2] Drawing 2 shows the 2nd example of this invention. The silicon 
substrate 1 1 was used as a substrate, and after oxidizing the substrate thermally and 
forming the diacid-ized silicone film 12 in the surface, weld slag membrane formation of the 
Ru0 2 was carried out with the substrate temperature of about 500 ** as the lower electrode 

13 at a thickness of 50 nm. 

[0025]After forming abbreviation 10 nm of Bi 4 ~Ti 3 0 12 thin films 14 by a publicly known sol gel 
process as a bismuth layer-like compound besides, about 30 nm of TiO(Ba Sr _) - films 

U.O U.O *3 

15 were formed with the substrate temperature of about 650 ** by the sputtering technique. 
After forming the Bi 4 Ti 3 0 12 thin film 14 by about 10-nm thickness by a sol gel process 

furthermore, Ti and Au were deposited on this order as the upper electrode 16 at a 
thickness of 50 nm and 300 nm, respectively, and the upper electrode was formed by 
publicly known optical lithography and wet etching. 

[0026]Although all the capacitor insulation peritoneum thickness made thin thickness of the 
TiO(Ba Q 5 Sr Q 5 ) 3 film and formed it to 30 nm - 5 nm to 50 nm - 25 nm in the thin film 

capacitor of this structure, the dielectric constant showed 250 or more values, and 

thickness dependency was not remarkable. 

[0027] 

http://www4.ipdl.inpit.goj 5/21/2008 



JP,10-144867,A [DETAILED DESCRIPTION] 



Page 5 of 5 



[Effect of the lnvention]According to the structure of the thin film capacitor of this invention, 
even if it uses the capacitor insulating film which thin-film-ized material of high permittivity, a 
dielectric constant does not fall substantially, therefore even if it is a small area, the thin film 
capacitor which can acquire capacity value big enough can be provided. 
[0028]Therefore, integrated circuits, such as LSI with a high degree of location, can be 
manufactured by using the thin film capacitor of this invention, without complicating a 
manufacturing process. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]lt is a sectional view showing typically the structure of one example of the thin 
film capacitor which provided the anti-ferroelectric substance thin film between the 
electrode and the high dielectric constant film. 

[Drawing 2]lt is a sectional view showing typically the structure of one example of the thin 
film capacitor which provided the bismuth layer-like compound thin film between the 
electrode and the high dielectric constant film. 
[Description of Notations] 

1 Silicon on sapphire 

2 Pd lower electrode 

3 PbZr0 3 thin film 

4 ( Ba o.5 Sr o.5> Ti °3 film 

5 Au/Ti lamination upper electrode 

11 Silicon substrate 

12 Diacid-ized silicone film 

13 Ru0 2 lower electrode 

14 Bi 4 Ti 3 0 12 

15 < Ba 0.5 S W TiO 3 film 

16 Au/Ti lamination upper electrode 

[Translation done.] 
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